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Abstract
Background & Aims—Excessive Ca2+ influx mediates many cytotoxic processes, including
those associated with autoimmune inflammatory diseases such as acute pancreatitis and Sjögren's
syndrome. TRPC3 is a major Ca2+ influx channel in pancreatic and salivary gland cells. We
investigated whether genetic or pharmacological inhibition of TRPC3 protects pancreas and
salivary glands from Ca2+-dependent damage.
Methods—We developed a Ca2+-dependent model of cell damage for salivary gland acini. Acute
pancreatitis was induced by injection of cerulein into wild-type and Trpc3−/− mice. Mice were
also given the Trpc3-selective inhibitor pyrazole 3 (Pyr3).
Results—Salivary glands and pancreas of Trpc3−/− mice were protected from Ca2+-mediated
cell toxicity. Analysis of Ca2+ signaling in wild-type and Trpc3−/− acini showed that Pyr3 is
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highly specific inhibitor of Tprc3; it protected salivary glands and pancreas cells from Ca2+-
mediated toxicity by inhibiting the Trpc3-mediated component of Ca2+ influx.
Conclusions—TRPC3-mediated Ca2+ influx mediates damage to pancreas and salivary glands.
Pharmacological inhibition of TRPC3 with the highly selective TRPC3 inhibitor Pyr3 might be
developed for treatment of patients with acute pancreatitis and Sjögren's syndrome.
Keywords
Ca2+ influx; inflammation; cell death; therapeutics
Background and Aims
Ca2+ signaling regulates virtually all cell functions and thus aberrant Ca2+ signaling is
associated with many diseases. Particularly, impaired Ca2+ signaling is the underlying cause
in diseases that involve cell stress, endoplasmic reticulum (ER) stress, oxidative stress, and
inflammation that lead to autophagy and cell death1–4. Prominent gastrointestinal diseases
associated with Ca2+ stress are acute pancreatitis5, 6 and Sjögren's syndrome7. These are
multifactorial diseases that are caused by generation of toxins within the pancreas and
salivary glands in response to inflammatory insults. In the pancreas, this results in
mistargeting of digestive enzymes to lysosomes that damage the pancreatic parenchyma8. In
salivary glands, the inflammatory mediators, which include cytokines9 and nitric oxides10,
induce apoptotic and necrotic cell death11, 12 that are associated with activation of Ca2+
signaling. In addition, patient with Sjögren's syndrome express anti M3 muscarinic receptors
that have profound effect on heseacute and chronic damage in salivary gland cells. Because
so many key functions are regulated by Ca2+, impaired Ca2+ signaling is intimately
associated with acute pancreatitis 13 and likely salivary glands dysfunction.
The receptor-evoked Ca2+ signal involves Ca2+ release from the ER, which leads to
activation of the store-operated Ca2+ influx channels (SOCs) at the plasma membrane 14.
ER Ca2+ is rapidly exhausted if it is not replenished by the SOCs, which also sustain the
physiological Ca2+ oscillations to determine their amplitude and frequency14, 15. In fact,
Ca2+ influx provides most of the Ca2+ that regulates exocytosis, fluid secretion and gene
regulation14, 16–18. This scenario changes under cell stress, at which the cells are
continuously over-stimulated, resulting in a pathological Ca2+ signal. The persistent strong
stimulus depletes the ER Ca2+ store, resulting in an uncontrolled activation of the SOCs and
prolonged increase in [Ca2+]i6, 13, 14, 19 that is responsible for the pathological effects of
Ca2+.
The SOC in pancreatic and salivary gland cells is mediated by TRPC1, TRPC3 and
TRPC62, 20 and the Orai channels21–23. The role of the native Orais in these cells has not
been examined yet. The TRPC channels (TRPCs) mediate part of the receptor stimulated
Ca2+ influx in many cells24–26. Indeed, deletion of Trpc127 and Trpc315 in mice strongly
reduces receptor- and store-mediated Ca2+ influx in salivary glands and pancreatic acini.
In a recent work, we demonstrated that part of the pathological effect of excessive Ca2+
influx is mediated by the Trpc315, with deletion of Trpc3 in mice reduced the severity of
acute pancreatitis. These findings raised several important questions: Does Trpc3 have a role
in the function of other secretory glands, like the salivary glands? Does excessive Ca2+
influx by Trpc3 contribute to Ca2+ toxicity in other secretory glands? Can pharmacological
inhibition of Trpc3 reduce the severity of Ca2+-dependent cell stress and damage toward
developing treatment for acute pancreatitis and Sjögren's syndrome? To address these
questions, we developed a cell model of Ca2+ toxicity in salivary glands based on intense
and persistent stimulation of receptor-mediated Ca2+ signaling. We then used the salivary
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gland Ca2+ toxicity and acute pancreatitis models to show that Trpc3 has prominent role in
salivary gland function and dysfunction. Most notably, deletion of Trpc3 in mice and
pharmacological inhibition of Trpc3 by the selective Trpc3 inhibitor Pyrazole3 (Pyr3)
similarly protected salivary glands and the pancreas from Ca2+-mediated cell toxicity. These
findings establish Ca2+ influx by Trpc3 in the function and pathogenesis of Ca2+ in secretory
cells. Since Pyr3 given acutely and chronically is well tolerated by mice with no known
toxicity28, our findings describe a promising drug for the treatment of Ca2+ toxicity as
observed in acute pancreatitis and salivary gland damage.
Materials and methods
Detailed methods are given in the supplementary information. Here only key methods are
described in details.
Induction of acute pancreatitis in mice
Mice fasted overnight were injected hourly in the abdominal cavity over 4 hours with
cerulein (40 ng/g body weight) and with or without pyrazole3 (Pyr3) (0.1 μg/g body weight),
as indicated15. Collection and processing of blood, measurement of serum amylase,
hematoxylin and eosin (H&E) staining and evaluation of edema were by standard methods
and are detailed in supplement.
Determination of intracellular Trypsin activation and [Ca2+]i
Intracellular trypsin activity was measured using the cell permeate synthetic substrate,
rhodamine 110-(CBZ-Ile-Pro-Arg)28, and [Ca2+]i was determined with the Ca2+-sensitive
dye Fura2, as described before15 and in supplementary methods.
Western Blot
Protein levels were analyzed by standard western blot analysis, as detailed in supplementary
methods. Proteins were probed with a 1:500 dilution of phospho-PERK and 1:1000 dilutions
of β-actin.
Immunohistocytochemistry
Tissue sections and acini were stained by incubation with anti-LC3 (1:100), α-amylase
(1:100), LAMP2 (1:100) and ceramide (1:50) antibodies as detailed in Supplementary
methods.
Measurement of whole saliva secretion
Prior to the experiment, the body weight of each mouse was measured. To collect the whole
saliva, mice were anesthetized with the mixture of 75 mg/kg body weight ketamine and 1
mg/kg body weight dexmedetomidine. The mice were endotracheal intubated to maintain
open airway path. Salivation was stimulated by injection of pilocarpine (10 mg/kg, body
weight) intraperitoneally and saliva was collected through the tube placed close to the duct
exist into the oral cavity that was under minimal vacuum to ensure collection of all the
saliva. Saliva was collected every five minutes over 35 min and salivary secretion was
determined by its weight. Salivation was normalized and presented as salivary weight/body
weight. To determine the effect of Pyr3 on salivation, Pyr3 (0.1 μg/g body weight) was
injected into the abdominal cavity for 1 hr prior to anesthesia and salivary secretion
measurement. After anesthetizing the mice, they were injected with a mixture of pilocarpine
and Pyr3 to induce salivation.
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Determination of Cytotoxicity
Freshly prepared acini from the pancreas and salivary glands were stimulated with the
indicated agonist for 20 min at 37°C in a shaking water bath. The acini were spun down for
20 sec at 3000xg and the supernatants were collected. Cell damage was assayed with the
VybrantTM Cytotoxicity assay kit (Molecular Probe) following the manufacturer
instructions. Briefly, glucose 6-phosphate dehydrogenase (G6PD) released by damaged cells
was determined in each sample. Samples were incubated with lyophilized mixture of
diaphorase, glucose 6-phosphate, NADP+ and resazurin in 0.5M Tris buffer (pH7.5) for 15
min at 37°C. Resazurin fluorescence was measured at excitation wavelength of 545 nm and
emission wavelength of 590 nm. Fluorescence intensity in each sample was calculated as
percentage of total fluorescence released by lysing the cell.
Cell damage was also assayed by determining accumulation of ceramide. Pancreatic and
salivary gland acini stimulated with supermaximal agonist concentration were fixed by
incubation with cold MeOH and processed for staining with anti-ceramide antibodies as
described above under immunohistochemistry.
Statistics
Results are expressed as mean±s.e.m of the indicated number of observations obtained from
the indicated number of independent experiments and mice. Statistical significance was
determined by analysis of variance.
Results and Discussion
Pyr3 is a selective inhibitor of Trpc3
Previous work reported that Pyr3 is a selective TRPC3 inhibitor since it did not or poorly
inhibited other TRPC and TRP channels28. However, the specificity of Pyr3 for the native
TRPC3 was not determined. We use pancreatic and parotid acini from Trpc3−/− mice to test
the selectivity of Pyr3. Preliminary experiments showed that maximal inhibition of receptor-
stimulated Ca2+ signaling is observed with 3 μM Pyr3, with 10–50 μM Pyr3 inhibiting Ca2+
signaling to the same extent as 3 μM. Therefore, in most experiments below we used 3 μM
Pyr3.
Acini were stimulated with 10 pM CCK8 to evoke Ca2+ oscillations. Figs. 1A, E show that 3
μM Pyr3 reduced the frequency of oscillations by about 50%. Notably, deletion of Trpc3
reduced the frequency of the Ca2+ oscillations to the same extent as Pyr3 and Pyr3 had no
further effect on these oscillations (Figs. 1B, E). Moreover, deletion of Trpc3 and Pyr3 had
the same effect on the sustained Ca2+ signal induced by supra-maximal stimulation with 10
nM CCK8 (Fig. 1C). As reported before15, deletion of Trpc3 selectively reduced Ca2+
influx and the plateau phase (Fig. 1D). Pyr3 reduced Ca2+ influx in wild-type acini to the
same extent as deletion of Trpc3 and had no effect on the Ca2+ signal in Trpc3−/− acini
(Fig. 1C, D, F). Finally, Pyr3 partially inhibited the CRAC-like current in divalent-free
media activated by passive store depletion (Fig. 1G), as was found before for deletion of
Trpc315.
Ca2+ influx can be activated also by inhibition of the SERCA pumps to passively deplete ER
Ca2+ and activate the SOC. Figs. 2A, B confirm the previous findings that deletion of Trpc3
reduces the SOC activity in pancreatic acini15, which are extended in Fig. 2C, D to
submandibular gland acini (SMG). Significantly, Pyr3 reduced the SOC activity in wild-type
acini to the same extent as deletion of Trpc3 and had no effect on the residual Ca2+ influx
measured in Trpc3−/− cells (Fig. 2A-D). We also analyzed the effect of Pyr3 on the
receptor-evoked Ca2+ signaling in SMG cells stimulated with physiological and pathological
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agonist concentrations. Pyr3 reduced the sustained increase in Ca2+ observed at 0.3 or 100
μM carbachol by about 50%.
Together, the results in Figs. 1 and 2 provide strong evidence that Pyr3 is selective Trpc3
channel inhibitor and can be used to assay the roles of Trpc3 in cell function and
dysfunction.
Acute inhibition of Trpc3 reduces the severity of pancreatitis associated with activation of
SOCs
Trpc3-mediated Ca2+ influx has a prominent role in mediating the tissue damage seen in a
model of acute pancreatitis15. Towards searching for a drug for the treatment of acute
pancreatitis we asked whether inhibition of Trpc3 by Pyr3 can similarly protect the
pancreas. The results of the multiple assays below indicate that this is the case. In initial
control experiments to test for toxicity, mice were injected hourly up to six times with 0.1
μg/g body weight Pyr3 and isolated acini were treated with 3–10 μM Pyr3 up to 1 hr. No
obvious effects on appearance of the pancreas or microscopic appearance of acinar cells in
treated mice or isolated acini were observed. In addition, no obvious change in appearance
or behavior of the mice was noted. This is in agreement with the previous study, in which no
toxic effects of Pyr3 were found upon infusing mice with Pyr3 for up to two weeks28.
Hence, the mice appear to tolerate well acute and chronic exposure to Pyr3 with no apparent
toxicity.
We then used the cerulein model of acute pancreatitis to determine the possible protecting
effect of Pyr3. Injecting Pyr3 at 0.1 μg/g body weight during the four hourly cerulean
injections reduced plasma amylase by about 50% (Fig. 3A) and reduced pancreatic edema to
the level measured in control mice (Fig. 3B). On the cellular level, 3 μM Pyr3 prevented the
intracellular trypsin activation caused by stimulation with supra-maximal concentration of
CCK8 (Fig. 3C). Finally, Pyr3 prevented the pathological endocytic vacuoles formation
(Fig. S1) that is commonly observed in acini stimulated with supramaximal agonist
concentration29.
Trypsin activation and vacuoles formation requires mistargeting of secretory granules to the
lysosomes30. This can be assayed in vivo by measuring overlap between granular and
lysosomal markers31. Fig. 4A shows that induction of pancreatitis with cerulean resulted in
70% overlap between amylase and the lysosomal marker LAMP2. Pyr3 reduced the overlap
to the level observed in control mice. Acute pancreatitis is associated with induction of
autophagy and inhibition of autophagy protects against acute pancreatitis31, 32. We assayed
autophagy by measuring autophagosomes formation that can be traced by the autophagy
marker LC315, 31, 32. Fig. 4B shows that inhibition of Trpc3 with Pyr3 inhibited induction
of autophagy observed in acute pancreatitis. To support the in vivo studies by in vitro
measurements, we determined the accumulation of LC3-II in isolated acini from the SMG
and the pancreas of wild-type and Trpc3−/− mice. Stimulation with supramaximal agonist
concentration markedly increased the LC3-II/LC3-I ratio in wild-type acini, which was
inhibited by Pyr3. No significant increase was observed in Trpc3−/− stimulated acini (n=3).
Trpc3-mediated Ca2+ influx is required salivary glands physiological function
To extend the usefulness of Pyr3 as a protector against cell damage in the GI tract we asked
whether it affects the function and dysfunction of the salivary submandibular gland (SMG).
For this, we first tested if Trpc3 has a role in salivary secretion in vivo. Fig. 5 provides the
first evidence that Trpc3 function is required for the function of the salivary glands.
Salivation was induced by a single intraperitoneal injection of pilocarpine to activate the M3
receptors. Deletion of Trpc3 in mice reduced salivation by about 50%. Notably,
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intraperitoneal injection of the mice with Pyr3 for 1 hr prior to stimulation of salivation
inhibited salivation to the same extent as deletion of Trpc3. Previous study reported the
contribution of Trpc1 to SOC-mediated Ca2+ influx and salivary secretion27. Ca2+ influx by
TRPC1 and TRPC3 are likely related since TRPC1 and TRPC3 heteromultimerize33, 34 to
form a Ca2+ influx pathway that is regulated by STIM133. Hence, deletion of Trpc1 and of
Trpc3 in mice likely targets the same pathway.
Genetic deletion and pharmacological inhibition of Trpc3 similarly reduce the severity of
Ca2+ influx-dependent cell damage
Aberrant increase in [Ca2+]i likely plays a role in salivary glands damage observed in
Sjögren's syndrome, medications and other inflammatory conditions9–12. Therefore, for the
purpose of the present work we developed a Ca2+-dependent cell damage model in SMG
acini using supramaximal stimulation of isolated acini. In preliminary experiments, we
tested several incubation times between 15–120 min and carbachol concentrations between
0.1–1 mM while measuring release of glucose 6-phosphate dehydrogenase (G6PD) and in
the presence and absence of extracellular Ca2+ to asses the Ca2+-dependent damage.
Massive cell damage was observed by stimulating isolated acini with 1 mM carbachol for
30–40 min at 37 °C in the presence of external Ca2+. Longer stimulation period resulted in
massive irreversible cell damage and removal of external Ca2+ prevented the cell damage
due to 30 min stimulation with carbachol. Therefore, we selected 30 min stimulation at 37
°C with 1 mM carbachol.
First, we tested the effect of Trpc3 deletion and of Pyr3 on induction of autophagy (Fig. 3
and Fig. 6A-C) and mistargeting of secretory granules to lysosomes (Fig. 6D-F) in SMG
acini. Freshly isolated acini incubated at 37 °C for 30 min in the absence of receptor
stimulation had minimal LC3-II and autophagosomes and the LC3-II level and the number
of autophagosomes was minimally reduced by deletion of Trpc3 or by Pyr3. Stimulation
with 1 mM carbachol for 30 min increased LC3-II and autophagosomes formation about
four fold. Deletion of Trpc3 and inhibition of Trpc3 with Pyr3 markedly inhibited the
carbachol-induced increase in LC3-II/LC3-I ration and autophagosomes formation (Figs. 3,
6A-C). Fig. 6D shows that 30 min of superamaximal stimulation with carbachol resulted in
significant mistargeting of SMG acini secretory granules to the lysosomes, a phenomenon
well established in pancreatitis and discovered here for the SMG acini. Deletion of Trpc3
and Pyr3 similarly prevented granules mistargeting, while treating Trpc3−/− cells with Pyr3
had no further effect.
Cell damage can be assayed by endocytic pathological vacuole formation that can be
followed with TRD 29. Fig. S1B shows that stimulation of SMG acini with 1 mM carbachol
caused massive vacuolization that was reduced by Pyr3. Another established parameter of
cell stress is activation of the ER unfolding protein response that can be followed by
phosphorylation and activation of the ER kinase PERK35. Fig. 7A shows that supramaximal
stimulation of wild-type SMG acini with carbachol and pancreatic acini with CCK8
increased PERK phosphorylation, which was inhibited by Pyr3. Fig. 7B shows that deletion
of Trpc3 inhibited PERK phosphorylation and treatment with Pyr3 of the Trpc3−/− acini
had no further effect. We also assayed cell damage directly by measuring G6PD release. Fig.
7C shows that supramaximal stimulation of pancreatic and SMG acini resulted in the release
of 25–30% of total G6PD and the release was reduced by more than 50% by inhibition of
Trpc3 with Pyr3.
Cell damage causes excessive lipid hydrolysis and mistargeting of sphingolipids to increase
cellular ceramide content36, 37. Most commonly, ceramide accumulates at the plasma
membrane of damaged cells36. However, Fig. S2A shows the unique accumulation of
ceramide in the secretory granules area of damaged pancreatic acini, possibly due to
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activation of lipases in the secretory granules. On the other hand, the images in Fig. S2B
show that ceramide accumulated mostly at the plasma membrane of damaged SMG acini.
Fig. S2 also shows that supramaximal stimulation increased ceramide level in both acini and
the increase was prevented by inhibition of Trpc3 with Pyr3.
Conclusions
The present study examined the potential use of a specific Trpc3 inhibitor in the treatment of
the autoimmune inflammatory diseases acute pancreatitis and Sjögren's syndrome. The first
novel finding of the present study is the importance of Trpc3 for salivary secretion. Salivary
secretion is a Ca2+-mediated process18 and Ca2+ influx is essential to sustain the secretion.
Salivary glands express several TRPC channels, including TRPC1, TRPC3 and TRPC620.
Deletion of Trpc3 in mice reduced salivary secretion (present work) to the same extent as
deletion of Trpc127. This likely reflects the heteromultimerization of these TRPC channels
and their mutual gating by STIM133. Hence, the present findings further highlight the
importance of TRPC channels in exocrine cell function.
The contribution of TRPC channels to SOC activity continues to be debated with variable
findings depending on cell type and the method used to evaluate the SOC function of the
TRPC channels26, 38. We note that deletion of Trpc3 and inhibition of Trpc3 by Pyr3
reduced Ca2+ influx by about 50%, whether activated by receptor stimulation or by passive
store depletion to activate Ca2+ influx by the SOC channels. Similarly, about 50% reduction
in Ca2+ influx was observed by deletion of Trpc1 in salivary gland cells27 and pancreatic
acini39. These findings indicate that Trpc3 and Trpc1 contribute to SOC activity in both
pancreatic and salivary gland cells. Moreover, the residual 50% of the receptor-evoked and
SOC-dependent Ca2+ influx must be mediated by a pathway that is independent of Trpc3
and Trpc1, suggesting the existence of at least two independent Ca2+ influx pathway in
pancreatic and salivary gland cells. The residual Ca2+ influx can be mediated by another
TRPC channel, like Trpc6 or by one of the Orai channels21, 26. An unresolved question at
this stage is whether the different Ca2+ influx pathways mediate different cellular functions.
If such is found, it will not be unprecedented since acinar cells show receptor-specific Ca2+
signaling due to differential coupling to RGS proteins14, 40, selective generation of Ca2+
releasing second messengers41 and regulation of IP3Rs42, 43.
The use of the Trpc3−/− mice allowed us to show that Pyr3 is indeed a highly selective
Trpc3 inhibitor. The lack of a suitable model for studying mechanism of salivary gland cells
damage, lead us to develop such a cell model. The model is based on inducing a receptor-
mediated sustained increase in cytoplasmic Ca2+. We used this model since Ca2+ likely
plays a role in acute salivary gland damage caused by medications and local release of
cytokines and oxidative mediators, and sustained Ca2+ increase disrupts many cellular
activities as it is a nodal point in many diseases. The salivary glands cell damage and the
cerulein-induced acute pancreatitis models were used to show the Trpc3-mediated Ca2+
influx plays an essential role in cell damage. Notably, pharmacological inhibition of Trpc3
with Pyr3 protected the pancreas and salivary gland cells to the same extent as deletion of
Trpc3. Since chronic28 and acute (present work) application Pyr3 to the mice appears to be
tolerated well with no apparent toxicity, Pyr3 should be considered as a promising lead
compound for the treatment of the glandular inflammatory diseases.
It is quite significant that Pyr3 is effective in preventing cell damage when given to the mice
acutely by intraperitunial injection since it can be used when the diseases are in progress and
patients are at highest risk, as is the case in acute pancreatitis. Targeted delivery of Pyr3
should increase its efficacy and use as a drug for the treatment of Ca2+ influx and TRPC3-
associated diseases.
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Pyr3 pyrazole3
SOC store-operated Ca2+ influx channels
SMG submandibular glands
TRPC3 transient receptor potential (canonical) isoform 3 channel
[Ca2+]i free cytoplasmic Ca2+
ER endoplasmic reticulum
CPA cyclopiazonic acid (SERCA inhibitor)
SERCA sarcoplasmic/endoplasmic Ca2+ ATPase pump
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Fig. 1. Deletion of Trpc3 and Pyr3 similarly inhibit receptor-evoked Ca2+ oscillations and Ca2+
influx
Fura2-loaded pancreatic acini from wild-type (A, C) or Trpc3−/− mice (B, D) were used to
measure [Ca2+]i in response to stimulation with 10 pM CCK8 to induce Ca2+ oscillations
(A, B) or 10 nM CCK8 to evoke a sustained response. The upper traces in (A, B) are the
control and the lower traces are from acini that were treated with 3 μM Pyr3. In (C, D), the
dark traces are the controls and the gray traces are acini treated with Pyr3. Panels (E) and (F)
show the mean±s.e.m of the frequency and plateau, respectively, of the Ca2+ signals. Panel
(G) shows example traces of the time course and I/V of the CRAC-like current in the
absence and presence of Pyr3 and the mean±s.e.m of 5 experiments. * denotes P<0.05 or
better with n=6–8 experiments with acini from 3 mice of each phenotype.
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Fig. 2. Deletion of Trpc3 and Pyr3 similarly inhibit SOC-mediated Ca2+ influx
Fura2-loaded pancreatic (A, B) or SMG (C, D) acini from wild-type (A, C) or Trpc3−/−
mice (B, D) were used to measure Ca2+ release in response to inhibition of the SERCA
pumps with 25 μM CPA in Ca2+-free solution and Ca2+ influx in response to Ca2+ re-
addition. Dark traces are controls and gray traces are cells treated with 3 μM Pyr3. * denotes
P<0.05 or better with n=6–8 experiments with acini from 3 mice of each phenotype. NS
denote not significant. In (E) GMS acini were stimulated with 0.3 (upper traces) or 100 μM
carbachol (lower traces) and treated with or without 3 μM Pyr3, as indicated (gray lower
trace). The upper traces show example of individual cells. The lower traces are averages of
4–5 experiments in cells stimulated in Ca2+-free solution to measure Ca2+ release and then
Ca2+ was re-added to measure influx.
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Fig. 3. Inhibition of Trpc3 by Pyr3 ameliorates CCK8-induced acute pancreatitis
Mice were treated with or without 0.1 μg/g body weight Pyr3 and injected with saline
(controls) of cerulein to induce acute pancreatitis. (A) shows the mean±s.e.m of plasma
amylase content in 3–6 mice under each condition. (B) shows typical images of damaged
tissue under the various treatments and the columns are the mean±s.e.m of at least 5 images
from each of the 3–6 mice used in each condition. In (C) isolated pancreatic acini were
stimulated for 1 hr with 10 nM CCK8 in the presence or absence of 3 μM Pyr3 and
incubated for 20 min with fluorescence trypsin substrate. The Fig. shows example images
and the mean±s.e.m of 6 experiments.
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Fig. 4. Effect of Trpc3 deletion and inhibition of Trpc3 activity by Pyr3 on granules mistargeting
and induction of autophagy
In (A), tissue sections were obtained from mice treated with or without Pyr3 and with and
without cerulein to induce acute pancreatitis. The sections were co-stained with Lamp2 and
the secretory granules marker Amylase. Overlap of Lamp2 with Amylase was determined by
MataMorph and the columns show the mean±s.e.m. In (B), tissue sections from mice treated
with or without Pyr3 and with and without cerulein, were stained with the autophagy marker
LC3. The number of autophagosomes was determined by MataMorph and the columns show
the mean±s.e.m of the indicated number of experiments. In (C), isolated SMG and
pancreatic acini from wild-type (upper) or Trpc3−/− mice (lower) treated with or without 3
μM Pyr3 were stimulated with 1 mM carbachol or 10 nM CCK8, respectively, for 30 min
and extracts were used to analyze accumulation of LC3-II. The columns are the mean±s.e.m
(n=3) for acini from wild-type mice. In acini from 3 Trpc3−/− mice LC3 did not change.
Kim et al. Page 14
Gastroenterology. Author manuscript; available in PMC 2012 June 1.
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
Fig. 5. Effect of Trpc3 deletion and inhibition of Trpc3 activity by Pyr3 on salivary secretion in
vivo
Anesthetized wild-type (■, ▲) injected with saline (■) or 0.1 μg/g body weight Pyr3 (▲)
and Trpc3−/− mice (●) were used to measure cumulative salivary secretion in response to
injection of pilocarpine, as detailed in Methods. The results are the mean±s.e.m of 4–7 mice
under each condition. * denotes P< 0.05 or better relative to secretion by untreated wild-type
mice.
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Fig. 6. Deletion of Trpc3 and inhibition of Trpc3 activity by Pyr3 inhibit induction of autophagy
and granules mistargeting in SMG acini
Acini obtained from wild-type (A, D) or Trpc3−/− mice (B, E) and treated with PBS
(control) or 3 μM Pyr3 were left unstimulated (upper images) or were stimulated with the
supramaximal concentration of 1 mM (Car). The acini were fixed and stained for the
autophagy marker for LC3 (A, B) or co-stained for the late endosomal/lysosomal marker
LAMP2 and the secretory granules marker Amylase (D, E). The number of LC3 particles
was counted with Metamorph and the mean±s.e.m of the fold increase measured in 8
experiments with acini from wild-type mice and 5 experiments with acini from Trpc3−/−
mice is shown in (C). The % LAMP2/Amylase overlap was determined with MetaMorph
and the mean±s.e.m of the overlap measured in 7 experiments with acini from wild-type
mice and 5 experiments with acini from Trpc3−/− mice is shown in (F). The P values are
listed in the figures.
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Fig. 7. Deletion of Trpc3 and inhibition of Trpc3 activity by Pyr3 inhibit PERK phosphorylation
and cell damage
SMG and pancreatic acini obtained from wild-type (A) or Trpc3−/− mice (B) were treated
with PBS (vehicle) or 3 μM Pyr3, as indicate. Part of the SMG acini were stimulated with 1
mM carbachol (Car) for 30 min and part of the pancreatic acini were stimulated with 10 nM
CCK8 (CCK) for 30 min. Lysates prepared from the acini were analyzed for phosphor-
PERK (p-PERK). Analysis of beta;-actin provides the loading controls. In (B) the first and
last lanes are positive controls obtained with acini from wild-type mice. In (C) the
supernatants of SMG and pancreatic acini treated with or without 3 μM Pyr3 and stimulated
with 1 mM carbachol or 10 nM CCK8 for 30 min, respectively, were collected and used to
measure released G6PD. G6PD release is expressed as % of total G6PD and is given as the
mean±s.e.m of 3 and 4 experiments with SMG and pancreatic acini, respectively. The P
values are listed in the Fig.
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